OBJECTIVE: Increased thickness of the intima ± media complex of the common carotid artery (IMT-CCA) is an early marker of atherosclerosis. The aim of the present study was to investigate the relationship between insulin resistance and IMT-CCA in premenopausal women. SUBJECTS: 86 young women, aged 18 ± 31 y, were recruited for the study: 28 were normal weight (BMI`25 kgam 2 ), 23 were overweight (BMI 25 ± 30 kgam 2 ) and 35 were obese (BMI b 30 kgam 2 ). MEASUREMENTS: The IMT-CCA was measured by high resolution`B-mode' ultrasonography; insulin sensitivity was determined by insulin tolerance test (ITT) and quantitated by calculation of K ITT. Fasting plasma glucose and lipids (triglycerides, total and HDL-cholesterol) were also measured by enzymatic methods. Central fat accumulation was evaluated by measuring waist circumference (WC). RESULTS: IMT-CCA showed an inverse association with K ITT (P`0.05). When the IMT-CCA was considered as the dependent variable in a forward stepwise multiple regression analysis, it maintained an independent association with K ITT (P`0.05), after adjusting data for age, BMI, WC, mean blood pressure levels and plasma glucose and lipids. CONCLUSION: These results suggest that IMT-CCA is signi®cantly associated with insulin resistance, independent of other well-known CVD risk factors. Since the IMT-CCA is an earlier asymptomatic sign of atherosclerosis, this study indicates that insulin resistance per se may accelerate atherogenesis.
Introduction
The thickening of the intima and tunica media is nowdays considered a marker of initial asymptomatic atherosclerosis and precedes the development of plaque and stenosis in the arterial wall. 1, 2 Thanks to both cross-sectional and prospective studies performed by high resolution B-mode ultrasound imaging it was shown that an increase of intima ± media thickness (IMT) in the extracranial carotid arteries is associated with a higher prevalence of symptomatic and asymptomatic coronary heart disease, 3 ± 6 thus suggesting that the thickening of the intima ± media complex of the common carotid artery may well be a surrogate marker of coronary atherosclerosis.
Several studies have documented that the IMT of the common carotid artery increases progressively with age, and that it is associated with a number of cardiovascular risk factors such as smoking, hypercholesterolaemia, low levels of HDL-cholesterol, diabetes, and hypertension. 1,2,7 ± 16 Even though obesity is an independent risk factor for the development of cardiovascular diseases 17 and several studies have demonstrated that visceral obesity in particular is strongly associated with the prevalence of coronary heart disease, 18 ± 20 whether BMI increases or not the thickness of the arterial wall is still a matter of debate. 1,2,7 ± 16 However, independent of the effect of obesity per se, it has been shown that reducing BMI by 5 would reduce the annual rate of carotid wall IMT progression by 0.133 mm per year. Moreover, intra-abdominal fat has been shown to be related to IMT of the common carotid artery in non-obese middle-aged men with normal glucose tolerance. 21 Insulin resistance is another well known cardiovascular risk factor in non-diabetic patients. 22 In particular, insulin resistance in subjects with asymptomatic atherosclerosis was ®rst reported by Laakso et al, 23 who did not perform multivariate analysis. The same result was obtained by Agewall et al; 24 however, they did not include age, blood pressure, lipoproteins, and blood glucose in the model for multiple regression analysis. Moreover, Suzuki et al showed that insulin resistance (measured by the steady-state plasma glucose method) is the strongest risk factor for the carotid wall thickening; 25 however, the latter study was performed in a very selected population of 72 nondiabetic subjects with essential hypertension, thereby possibly including a very high percentage of subjects affected by insulin resistance. Finally, Bonora et al found an independent inverse relationship between insulin sensitivity (measured by K ITT , calculated on the basis of an insulin tolerance test) and the intima ± media thickness of the carotid artery in diabetic, but not in non-diabetic subjects. 26 Therefore, the independent association between insulin sensitivity and IMT is yet to be de®nitely demonstrated in normotensive non-diabetic subjects. To the best of our knowledge, this is the ®rst study to examine this relationship in a population with a strict age range and unaffected by important cardiovascular risk factors such as smoking, 27 impaired glucose tolerance, diabetes, stable hypertension, and familial hyperlipidaemia, that could be confounding the association between insulin sensitivity and the IMT.
Patients and methods

Subjects
86 young women, aged 18 ± 31 y, were included in the study: 28 were normal weight (BMI`25 kgam 2 ), 23 were overweight (BMI 25 ± 30 kgam 2 ) and 35 were obese (BMI b 25 kgam 2 ). Overweight and obese patients were recruited consecutively at the Outpatient Clinic for the Study of Obesity, Institute of Internal Medicine, Endocrinology and Metabolic Diseases, University of Bari, School of Medicine. The study was approved by the local Ethics Committee. Normal weight subjects were represented by healthy volunteers, recruited consecutively among physicians and medical students. All participants were spontaneously menstrually active (9 ± 13 menses per year) and had normal glucose tolerance, in accordance with the Report of the Expert Committee on the Diagnosis and Classi®cation of Diabetes Mellitus. 28 To avoid the confounding effect of well known cardiovascular risk factors on the thickness of the arterial wall, smokers and patients affected by stable hypertension treated by drugs and familial hyperlipidaemia were not included in the study. Moreover, none of the subjects had a positive clinical history of stroke, transient ischaemic attack, angina pectoris, heart infarction, claudicutio intermittens, congenital heart disease or ECG abnormalities. Biochemical markers of thyroid, liver, and kidney function were within normal range in all subjects, and none of the individuals were receiving any kind of drug when they entered into the study. During the testing period, all subjects were asked to keep their normal mixed diet and not to perform any sport activity.
Physical and anthropometric parameters
Central fat accumulation was evaluated by the waist circumference, measured as the minimum circumference between the xyphoid process and the umbilicus. Blood pressure was recorded on at least three different occasions, using a mercury manometer with an appropriate cuff size.
Hormone and metabolic parameters
Blood for hormonal and metabolic determinations was drawn between 8 and 9 a.m. after overnight fasting; in particular, blood samples were taken on day 5 ± 7 of the menstrual cycle in women. The oral glucose tolerance test was performed by collecting venous blood samples during fasting and every 30 min following oral load with 75 g glucose for 2 h. In vivo insulin action was estimated by the insulin tolerance test (ITT), which was performed as described by Bonora et al. 29 Brie¯y, ITT consisted of a bolus of i.v. injection of regular insulin (0.1 Uakg body weight). The rate constant for plasma glucose disappearance (K ITT ) during the 3-to 15-min period following the insulin injection was taken as a measure of insulin action, and it was calculated from the formula 0.693at1
Plasma concentrations of insulin were measured by radioimmunoassay, using a commercially available kit (Behrig, Scoppitto, Italy). Blood glucose was determined by the glucose-oxidase method (Sclavo, Siena, Italy). Total cholesterol, HDL-cholesterol and triglycerides were measured using enzymatic assays (Boehringer Mannheim, GmbH Diagnostica Mannheim, Germany). Cholesterol content in low-density lipoprotein cholesterol was calculated by the Freidewald equation (LDL-cholesterol total cholesterol 7 [HDL-cholesterol 7 1 5 triglycerides]). Both intraassay and the inter-assay CVs were less than 7.5% in all of the above methods.
Ultrasound measurement of the common carotid artery
For carotid artery scanning, subjects were examined supine with their neck extended and rotated by 45 to the contralateral side. Bilateral carotid ultrasound was carried out using an echotomographic system (Hewlett Packard, Sonos 1000 Ultrasonograph, USA) with a high resolution 7.5 MHz linear array scan head. The common carotid arteries were scanned longitudinally from a lateral projection at 2.5 magni®cation. The bulb dilation served as a landmark for indicating the border between the distal common carotid artery and Insulin and arterial intima ± media thickness G De Pergola et al the carotid bulb, so that images obtained were of the distal portion of the common carotid artery. Images focused on the intima ± media complex on the far (deeper) wall of the arteries were saved and stored on computer disk and as paper copies. The two bright echogenic lines that can be seen in the arterial wall are termed as the intima and media lines. The intimal plus medial thickness de®ned by Pignoli et al 2 was measured as the distance from the leading edge of the ®rst echogenic line to the leading edge of the second echogenic line, separated by a hypoechogenic space (`double-line pattern'); the inner line represents the lumen ± intimal interface, and the outer line represents the media ± adventitia interface. 2 All scans were made by the same observer, who was unaware of the clinical history and characteristics of the studied subjects. The distances between the medial aspect of the I line and the medial aspect of the M line were measured using a digitiser board (Hewlett Packard). The region of the carotid artery that was examined was 1 cm proximal to the carotid bulb. None of the subjects showed atheromatous plaque, localized lesion of thickness b 2.0 mm and stenosis in this region. The IMT of the right and left arteries were each measured 3 times. The resulting 6 values were averaged. This average ®gure was taken to represent the common carotid artery of the subject.
The reproducibility of the IMT measurement was examined by conducing another scan 1 month later on 23 participants. The mean difference in IMT between these two determinations was 0.01 mm, and the standard deviation was 0.03 mm, demonstrating good reproducibility for repeated measurements.
Statistics
Statistical analysis was performed using the STATIS-TICA 1 6.0 for Windows, StatSoft Inc (1995) software (Tulsa, OK, USA). Results are presented as mean, standard deviation and range for all parameters. Pearson's correlation coef®cients were used to quantify the univariate associations among variables, and a forward stepwise multiple regression analysis was carried out to test the joint effect of different variables on IMT (dependent variable), and age, BMI, waist circumference, K ITT , mean blood pressure levels, and fasting blood glucose and lipid concentrations were considered as independent variables. A logarithmic transformation (log 10 ) of the values was performed for not normally distributed variables (insulin and triglycerides) in these statistical analyses.
Results
General, anthropometric and biochemical data of the whole population studied are summarised in Table 1 . Table 2 shows the correlation coef®cients between IMT and all other variables. IMT was negatively associated with insulin sensitivity (expressed as K ITT ).
When the IMT-CCA was considered as the dependent variable in a forward stepwise multiple regression analysis examining the pooled study population (regression summary: adjusted R 2 : 0.046, F: 5.135, P`0.026), it maintained an independent association with K ITT (P`0.05), after adjusting data for age, BMI, waist circumference, mean blood pressure levels and plasma glucose and lipids.
Since the study population consists of three apparently different samples, we also evaluated the relationship between IMT and K ITT in normal weight, overweight and obese women, examined separately. Interestingly, IMT was signi®cantly associated with K ITT in normal weight (r: 7 0.412; P`0.05), but not in overweight and obese women (data not shown).
Discussion
We found that the intima ± media thickness of the common carotid artery showed a signi®cant inverse Table 2 Simple correlations between the intima ± media thickness of the common carotid artery (IMT-CCA) and all the other parameters evaluated The independence from obesity of the relationship between insulin sensitivity and IMT is also demonstrated by the fact that this association was maintained in the group of normal weight subjects (BMI`25.0), but not in the groups of overweight and obese women examined separately. On the contrary, the increase in body fatness seems to hide and dilute the effect of insulin resistance on the thickening of the intima ± media complex. It is note-worthy that this is the ®rst study to show an independent relationship between insulin resistance and IMT in young normotensive non-diabetic women, who have never smoked.
The importance of our ®ndings derives from the fact that prospective studies have shown that the risk of acute myocardial infarction rises by 11% if an increase of 0.1 mm occurs in the thickness of the intima ± media. 6 Moreover, a higher intima ± media thickness of extracranial carotid arteries has been related to higher prevalence of coronary heart disease 3, 4 and transient ischaemic attack, 5 and a relationship between common carotid intima ± media thickness and extent and severity of atherosclerosis in coronary arteries has also been shown in ultrasound and autopsy studies. 2, 30, 31 Since insulin resistance has been found in patients with CHD, 32 our results seem to reinforce the hypothesis that insulin resistance may have a direct role in accelerating the development of coronary atherosclerosis.
We did not ®nd a signi®cant association between IMT and fasting insulin concentration, even though hyperinsulinaemia is commonly considered a marker of insulin resistance. 33 However, this result is in line with previous studies showing no relationship between insulin concentrations and the level of coronary heart disease, examined by using angiography. 34, 35 It is also possible that immunoreactive fasting insulin is only an indirect measure of insulin resistance, and it cannot be compared to methods evaluating the sensitivity to the hormone in vivo.
In this study, blood pressure levels, blood glucose, and lipids did not show a signi®cant association with IMT; however, it should be noted that subjects affected by stable hypertension treated by drugs, IGT, diabetes or familial dyslipidaemia were not enrolled into the study. Second, we examined young women and, therefore, all the well known cardiovascular risk factors may not have had the time to in¯uence the thickening of the arterial wall.
In summary, all the results seem to exclude a primary role of BMI, body fat distribution, blood pressure levels and metabolic parameters in changing the intima ± media thickness of the arterial wall in young normotensive non-diabetic non-smoking women. By contrast, insulin resistance does seem to be related to increased intima ± media thickness of the common carotid artery.
In conclusion, the present study shows that common carotid artery intima ± media thickness is signi®cantly associated with insulin resistance, independent of other well known cardiovascular risk factors. Since the intima ± media thickness of the common carotid artery is an earlier asymptomatic sign of atherosclerosis, this study indicates that insulin resistance per se may accelerate the development of atherosclerosis.
